Apersistent trigeminal artery (PTA) represents an embryonic vascular anastomosis connecting the carotid and basilar arterial systems. Little is known about its protective role in cases of basilar artery occlusion. We followed up a 63-year-old man who had suffered a brain stem infarction due to basilar artery stenosis and was found to have a PTA. Although a second brain stem infarction due to basilar artery occlusion developed, the circulation to the brain stem was well maintained via collateral flow from the PTA, and the patient demonstrated good recovery. A PTA mayfunction as an anastomosis between the carotid and basilar systems, thus preventing a more serious infarction. (Internal Medicine 37: 334-337, 1998) 
Introduction
A persistent trigeminal artery (PTA) has been found in 0.02% to 1.25% of patients undergoing cerebral angiography (1-4) and represents a rare vascular anastomosis between the carotid and basilar arterial systems. In the 3-to 14-mm embryonic stage, the trigeminal artery normally exists and functions to provide blood flow to the primitive hindbrain. During subsequent embryonic development, the trigeminal artery involutes and disappears with the formation of the basilar system, including the circle of Willis and the vertebrobasilar arteries (5). When a trigeminal artery persists into adult life, it is frequently reported to cause ischemic cerebrovascular accidents in the posterior regions of the brain stem and occipital area (1-4, 6-9). A PTA is further suspected of correlating with the presence of other vascular disorders such as aneurysms (2), Moyamoya disease (10), tic doulourex (1 1), and cranial nerve palsy (12). In other cases, a PTA is found only by chance (1). However, there has been little documentation on the protective role of a PTA in occlusive arterial diseases.
Here, we now report a patient who exhibited a good recovery from brain stem infarction with basilar artery occlusion, presumably saving his blood supply from the internal carotid artery through a PTA.
Case Report
A 63-year-old diabetic man had no neurologic symptoms until the morning of February 2, 1991, when he experienced double vision, dysarthria and a right hemiparesis. Neurologic examination on admission revealed a left facial palsy, right hemiparesis and left medial longitudinal fasciculus syndrome. General physical examination revealed no other abnormalities; the blood pressure was normal (140/84 mmHg), and the heart rate regular (76 beats per minute). Laboratory findings on admission showed that his plasma glucose level was 198 mg/dl, hemoglobin Ale 7.8%, total cholesterol 176 mg/dl, and triglyceride 196 mg/dl. Neuroradiologically, magnetic resonance (MR) imaging detected a high intensity area on the left side of the pons on T2-weighted image. The lesion extended to the basal surface of the pons. Cerebral angiography revealed about an 80% stenosis in the middle portion of the basilar artery (BA) (Fig. 1) . Through the stenosis, however, anterograde flow was present, and both distal portions of BA and posterior cerebral arteries (PCAs) were visualized. Left and right vertebral arteries were slightly asymmetrical in size but not hypoplastic. Left carotid angiography demonstrated no stenotic area but revealed a large PTA. The brain stem infarction in this patient was thought to be due to atherosclerotic stenosis of the BA involving the paramedian Figure 1 . Vertebrobasilar angiography showing an 80% basilar artery stenosis at the middle portion (arrowhead) of the vessels at the time of the first brain stem infarction. General physical examination revealed no other abnormalities; the blood pressure was normal (144/84 mmHg in both arms), the heart rate regular (84 beats per minute) , and the patient had neither cardiac murmur nor carotid or supraclavicular bruit. After admission, his level of consciousness gradually deteriorated to a stuporous state. A recurrent brain stem infarction was suspected. Cerebral angiography then showed that complete occlusion of the BA at its middle lower portion. Despite emergency intraarterial fibrinolysis therapy with 960,000 IU urokinase, the BA occlusion persisted. However, his level of consciousness had completely cleared by the next morning, and the hemiparesis and hemihypesthesia were also resolved within a few days. MR imaging demonstrated new T2 high-intensity and Tl lowintensity areas in the right side of the pons extending to the basal face. This new lesion was located at the opposite and slightly rostral portion of the first infarction and was thought to present brain stem infarction (Fig. 2) .
Internal Medicine Vol. There were no other infarctions in the posterior or carotid circulation territory. Cerebral angiography again on the 30th hospital day revealed a complete BA occlusion at its middle lower portion above the level of the anterior inferior cerebellar arteries (AICAs) with no change upon the occurrence of the second stroke (Fig. 3) . Left carotid angiography revealed that the distal portion of the occluded BA, superior cerebellar arteries (SCAs) and PCAs of both sides were detectable through a PTA (Fig. 4) . The size of the PTA did not change after the BA occlusion. However, a retrograde flow was newly recognized at the distal portion of the BA. The posterior communicating artery (PCOM) was not visualized. Further angiographic examination including aortography showed no stenotic lesions in the bilateral vertebral or carotid arteries. Cardiac studies including electrocardiogram, transthoracic echocardiogram, and Holter monitoring revealed no abnormality. It was considered that the atherosclerotic stenosis of the BA recognized at the first stroke episode became completely occluded. The patient was discharged and was able to walk unassisted. For more than four years after the second cerebrovascular episode, there has been no recurrence, and he is able to perform normal daily activities without any assistance.
Discussion
A PTA represents a rare embryonic vascular anastomosis between the carotid and basilar arterial systems. When a trigeminal artery persists into adult life, it is frequently suspected that a hypoplastic or anaplastic vertebrobasilar system has developed with an eventual reduction in the blood supply to the brain stem (6). Furthermore, when the carotid artery becomes stenosed due to atherosclerosis, the steal phenomenon from the basilar to the carotid circulation through a PTA may occur, causing vertebrovasilar insufficiency and/or a hemodynamic brain stem infarction (8). The present patient, however, had no hypoplastic or anaplastic vertebrobasilar arteries and no sten otic areas have been recognized in the carotid territory. In our patient, both the first and second brain stem infarctions extended to the basal surface of the brain stem. This type of infarction is considered to be due to the occlusion at the mouth of the perforating branch, and the etiological mechanism of the infarct is heterogeneous, i.e., embolic or atherosclerotic (13-1 5). Our patient had no cardiological problems presenting a risk of an embolus. No stenotic lesions considered to be the source of artery-to-artery emboli were detected in the vertebrovasilar arterial systems. It is also suspected in a patient with a PTA that the emboli to the posterior area originate in the internal carotid arterial territory and pass through a PTA. However, our patient had no stenotic lesions in the internal carotid arteries (3, 4). There is little suspicion that the infarction was due to an embolus. leptomeningial anastomosis between middle and posterior cerebral arteries could work as functional collaterals (18). However, in the present case, these anastomoses did not function as collaterals, although the prognosis was extremely favorable with minimal residual neurologic deficits. The retrograde flow of a BA through a PTA was recognized after the second stroke and may have functioned as an effective collateral to the brain stem. There have been no reported follow-up cases in which a PTA provided anterior-posterior collateral circulation following BA occlusion. We, therefore, suggest that the PTA may have played an important role in supplying blood flow to the upper half portion of the brain stem and occipital area following BA occlusion as demonstrated in our patient. 
